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Summary
Background: Isolated subtalar arthrodesis is the treatment of choice for several
conditions—mostly subtalar arthritis, tarsal coalition and posterior tibial tendon
dysfunction—unresponsive to conservative treatment. Arthroscopic procedures are an
interesting recent alternative, less invasive than conventional open techniques. Posterior
arthroscopy, in prone position, could be more advantageous than the conventional lateral
and/or anterior approach.
Patients and methods: Ten cases, from 20 to 59-years-old, were prospectively followed up for
minimum of one-year (range 12 to 31 months). Arthritis and tarsal coalition were the most
common indications.
Results: Fusion was observed in all cases at a maximum of nine weeks. Mean average AOFAS
score improved from 47 to 78. No complications were noted related to the technique. Only two
patients, operated for a symptomatic subtalar coalition, complained of some residual pain due
to a lateral submalleolar impingement. Interest of preservation of vascular talar supply and
bone grafting are discussed.
Conclusion: The good results using this innovative technique are encouraging. Long-term ran-
domized studies remain necessary to conﬁrm the reliability of the procedure in these different
indications, and the type of bone graft to favour, if really needed.
Level of evidence: Level IV therapeutic study.
© 2011 Elsevier Masson SAS. All rights reserved.
lIntroductionSubtalar arthrodesis is a recommended option after failed
conservative treatment of many different isolated subta-
∗ Corresponding author. Tel.: +00 32 479 836158.
E-mail address: a1.albert@belgacom.net (A. Albert).
o
t
t
f
b
a
1877-0568/$ – see front matter © 2011 Elsevier Masson SAS. All rights re
doi:10.1016/j.otsr.2011.02.005ar conditions[1]. Primary and secondary (following talar
r calcaneal fracture or subtalar dislocation) arthritis are
he most common indications along with symptomatic
alocalcaneal coalitions and deformities of the hind-
oot.
Symptoms of pain, mostly on uneven ground, and insta-
ility are common, leading to loss of function and reduced
ctivities.
served.
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Standard surgical procedure includes open arthrodesis,
ften using bone grafting (morcelized or structural, auto-
r allograft) and solid ﬁxation, usually with one or two
crews. Favourable outcomes following this procedure are
eported [2—6]. Nevertheless, high rates of complications
re also encountered, as recently described by Easley et al.
hey noticed up to 36% of non-unions. Other less frequent
omplications are prominent hardware, lateral impinge-
ent, misalignment and infection [1].
Since the 1980’s, arthroscopy of the foot and ankle
as developed, leading to less invasive but effective surgi-
al procedures, including subtalar arthrodesis. While a few
eries are published about arthroscopic procedures using
inus tarsi portals [7—9], ﬁve studies report the use of a pos-
erior approach [10—14]. This posterior approach is thought
o show some technical advantages with potentially more
ffective results probably due to a better preservation of
alar vascularisation.
We present the results of our ﬁrst 10 patients treated
ith this innovative technique.
atients and methods
atients
en feet in 10 patients (six male and four female) were
onsecutively operated by the same operator (BDB) from
5/2007 to 12/2008. Four of them were smokers. Age at
ime of surgery varied from 32-to 59-years-old (mean 37.8-
ears-old).
Patients elected for the arthroscopic assisted subtalar
rthrodesis were patients with isolated subtalar arthritis or
alocalcaneal coalition without major hindfoot deformity,
nd irresponsive to conservative treatment. Vascular impair-
ent, previous ankle or subtalar procedure, talar necrosis
r the need of a combined ankle arthroscopic procedure
ere in favour of the arthoscopic approach as compared to
pen procedure. A history of local sepsis was considered as
contra indication.
ethods
adiographic assessment included standard weight bearing
-ray of the two feets and the two ankles. Ankle alignment
as evaluated according to Meary.
In our standard operative protocol patients were placed
n prone position. A tourniquet was used. A 30◦ inclined 4mm
rthroscope was introduced through the posterior two portal
pproach, as described by Van Dijk et al. [15].
Posterior subtalar articular surfaces were curetted and
haved with a burr (5mm diameter full radius shaver) up
o subchondral bleeding bone, followed by microfracturing
efore grafting procedure. Due to the posterior approach,
he main difﬁculty was to reach the most anteromedial
spect of the posterior articular surface. The anterior subta-
ar articular surfaces were not approached. We used a 6mm
ercutaneous trocart to harvest iliac bone autograft (about
by 15 to 20mm) and blood cells in eight cases. Graft was
ntroduced by the posteromedial approach using an arthro-
copic grasping forceps and was impacted. One graft was
rom an intra-articular nodule and one case was treated
D
A
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ithout any graft. Altough remaining matter of debate, we
sed autograft, based on the assumption that bone and
one cells would help to fusion. Finally two 4 or 6.5mm
nima (EOS—France) cannulated screws were placed under
uoroscopic control, from the posterior tuberosity of the
alcaneus to the talar body.
Mean operative time was 124minutes (range: 100—162).
A period of six weeks non weight bearing immobilisa-
ion was recommended to all patients, followed by a period
f progressive weight bearing with the use of a removable
alking cast until pain resolution. Careful ankle mobilisation
as encouraged from the 21th postoperative day.
The American Orthopaedic Foot and Ankle Society
AOFAS) scores were compared for all patients, preopera-
ively and at ﬁnal follow-up [16]. Postoperative score of 94
ut of 100 points was considered as the maximum possible,
s six points are assigned to subtalar mobility.
Radiographic fusion was deﬁned by the evident presence
f bridging callus or osseous trabeculation at the union site
bserved on standard non weight bearing X-ray [1,10].
esults
verage postoperative hospital stay was 2.9 days. None of
he patients was lost to follow-up. Average follow-up was
1.5 months (range from 12 to 31 months).
adiographic results
usion occurred in all patients, at a mean of 6.8 weeks
range from six to nine weeks) (Fig. 1). Fusion time in the
our patients with an active smoking history was not longer.
reoperative hindfoot alignment was preserved in all cases.
unctional results
verage AOFAS score improved from 47 (range from 22 to 65)
o 78 (range from 60 to 91). All but one patient were satisﬁed
r very satisﬁed. One less favourable score was associated
o painful arthritic lesions in midfoot joints following previ-
us tarsal fracture dislocation (Patient 7, Table 1). A second
atient had been operated of ankle arthrodesis on the other
ide (Patient 5, Table 1).
omplications
e observed no nerve lesion, no sepsis and no non-union.
xcluding a limited haematoma in a haemophilic patient we
bserved no complications at the iliac crest.
Unfortunately, the two patients operated for tarsal
oalition presented with lateral submalleolar impingement
Patients 4 and 10, Table 1) (Fig. 2). One was treated with
rthopaedic insoles, and the second underwent a limited
esection of the calcaneal external edge. (Table 1).iscussion
rthroscopic subtalar arthrodesis gained some interest in
he past ten years thanks to the good outcomes associated to
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Figure 1 X-Ray (a) and corresponding CT-Scan (b) showing bone fusion obtained in a 38-years-old patient suffering from tarsal
coalition (patient 4, Table 1).
Table 1 The dataset.
Patient Age at
surgery
(year)
Gender Smoker Indication Follow-up
(month)
Preop AOFAS
(/100)
Postop
AOFAS (/94)
Delay of
fusion
(week)
1 40 M No Arthritis 18 39 82 6
2 32 F No Arthritis 15 45 70 8
3 33 M No Arthritis 19 59 78 5
4 38 M Yes Tarsal
synostosis
19 53 60 6
5 49 F No Arthritis 24 22 71 9
6 44 F Yes Arthritis and
tarsal
synchondrosis
31 56 85 8
7 27 F Yes Arthritis 28 39 85 7
8 20 M No Haemophilic
arthropathy
26 59 84 7
9 59 M No Non-union 12 65 91 6
10 36 M Yes Tarsal
synostosis
23 33 74 6
Mean 37,8 22 47 78 7
Figure 2 Pre- and postoperative Meray X-Ray showing persistence of the valgus malalignement in a patient suffering from tarsal
coalition and presenting with a ball and socket joint (patient 10, Table 1).
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Table 2 Comparison with previously published series using arthroscopic subtalar arthrodesis procedures.
Series N Approach Graft Mean fusion
time
(weeks)
Pseudart
hrodesis
Other
complications
Scranton 1999 5 3-portal lateral
approach
BMP / No No
Tasto 2006 25 Antero-lateral
and
postero-lateral
No 9 No No
Glanzman 2007 41 Antero-lateral
and
postero-lateral
Tibial autograft 11 No 10: painful
hardware
3: ankle pain
1: ﬁbularis
tendinitis
Amendola 2007 11 PASTA Allograft
(cancellous or
DBM)
10 1 1: painful
hardware
Carro 2007 4 PASTA No 8 No No
El Shazly 2009 10 PASTA No 11 No 1: neuroma
Beimers 2009 3 3-portal (PASTA
and sinus tarsi
portal)
No 6 No No
Lee 2010 16 PASTA No 11 1 No
Current 10 PASTA Iliac crest
autograft
7 No 2: lateral
submalleolar
impingement
subta
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In bold characters, the results of our study.
ower rates of complications in arthroscopic ankle arthrode-
is [17,18].
Since arthroscopy does not allow the introduction of
tructural bone graft, signiﬁcant hindfoot deformities will
e better addressed with open procedure.
Although technically more demanding than ankle arthro-
copic procedures, subtalar arthroscopy offers a less
nvasive surgery with many potential advantages over tradi-
ional open methods. Minimal incisions, limited blood loss,
reservation of blood supply, shorter hospital stay, shorter
ehabilitation time and better proprioception are the most
ommonly evoked [7,9]. Up to now, to the best of our
nowledge, no comparative study clearly supports these
dvantages in isolated subtalar arthrodesis. On the other
and, very encouraging results are reported in the few series
vailable [7—14]. (Table 2). All the authors report a fusion
ate of 100%, excepted Amendola et al. who observed one
on-union out of 11 cases [10] and Lee et al. (one non-union
ut of 16 cases) [14]. Average fusion times from nine to 11
eeks are reported using sinus tarsi portal [8,9], compared
o eight and 11 weeks using posterior arthroscopy [10—14].
n their series including 184 open subtalar arthrodesis,
asley at al. report average fusion time from 10 to 15 weeks,
xcluding from 8 to 29% non-unions [1]. Our results are
onsistent with the shorter fusion delay using arthroscopic
rocedure, with potential beneﬁt using posterior approach.While arthroscopic subtalar arthrodesis seems to offer a
ood alternative to open procedure in selected cases, the
se of posterior portals, instead of portals through the sinus
arsi, could bring some technical advantages. Five series,
s
[
ilar arthrodesis; DBM: demineralized bone matrix
ncluding a total of 44 patients were published using this
echnique [10—14]. Amendola et al. report a mean preop-
rative AOFAS score of 36 improved to 86 at follow-up [10].
ther minimally invasive procedures using this technique,
ike arthroscopic assisted tibio-talo-calcaneal arthrodesis is
lso developing with encouraging results [19].
Interestingly, in the current series, postoperative exter-
al submalleolar conﬂicts were observed in the two patients
uffering from tarsal coalition, associated to a mild hindfoot
alalignment (12 and 13 degree of valgus misalignment).
hile indications for arthrodesis versus bar resection are
ot clearly deﬁned in adults, we found no references for the
eed of hindfoot realignment in case of subtalar arthrode-
is for tarsal coalition. Nevertheless our observations invite
o carefulness when addressing such patients with in situ
rthrodesis. Since the coalition limits the distraction of the
ubtalar joint, these patients are probably not good can-
idates for two portal posterior arthroscopy. Beimers et al.
12] recently described a modiﬁed posterior approach, using
third portal to address talocalcaneal coalition. The intro-
uction of a blunt trocar through sinus tarsi allows joint
istraction.
In spite of these less favourable cases, average improve-
ent in AOFAS scores, rate and time to fusion are consistent
ith previous reports dealing with subtalar arthoscopic pro-
edures [7—14].Classical arthroscopic approach for subtalar arthrode-
is, in a lateral position, requires a sinus tarsi portal
7—9]. During debridement of the sinus tarsi, section of the
nterosseous ligament is a common procedure. The posterior
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approach preserves much better the talar vascular supply as
can be deduced from the results of Mulﬁnger and al., con-
ﬁrmed by Peterson et al. [20,21], The two main arteries
for talar body vascularisation are the artery of the tarsal
canal (originating from the posterior tibial artery) and the
artery of tarsal sinus (originating from the dorsalis pedis and
peroneal arteries), anastomosing in the tarsal canal. Since
vascular supply is of prime importance to bone fusion, the
risk of destruction of both sinus tarsi and canal sinus arter-
ies, while using a standard sinus tarsi portal is questionable.
Moreover, the prone position allows a better estima-
tion of the posterior subtalar joint. Also, the access to the
posteromedial corner is much easier. Grafting procedure is
better controlled, avoiding the risk of posterior conﬂict due
to overstufﬁng graft. Prone position is also ideal for an easy
positioning of the screws and allows an easy access to the
ankle joint if an additional procedure is needed.
Easley et al., in their study of 184 isolated open subtalar
arthrodesis found a signiﬁcant lower union rate in smok-
ers [1]. Interestingly, our data about a much smaller series,
using this less invasive technique, do not support this obser-
vation. Better vascular supply preservation could also be of
interest in case of revision procedures or more generally,
procedures involving a potentially vascular impaired talus.
These could include subtalar arthritis under a total ankle
arthroplasty.
The real need of a bone grafting procedure is matter of
debate. In open subtalar arthrodesis Easley report no signif-
icant differences in AOFAS score improvement, rate (overall
86%) and time of union in groups without graft, with struc-
tural or cancellous auto- or allograft [1].
In the arthroscopic procedure, autograft [8], allograft
(cancellous allograft or demineralised bone matrix [7,10]
or no graft at all [9,11—14] are used, all of them bringing
good results. Two non-union were reported, one with an allo-
graft [10], the other without graft [14]. Other factors such
as bone vascularity, correct debridment up to subchondral
bone, and stable ﬁxation could be more important than the
type of graft used.
Compared to open procedures, the posterior arthroscopic
fusion seems to offer a less invasive and more secure proce-
dure to address subtalar lesions without associated hindfoot
deformity. It brings an interesting technical alternative to
the sinus tarsi portal, avoiding lesion to the main talar vas-
cular supply.
The short delays in and the quality of radiographic fusion,
as well as AOFAS score improvement are encouraging. Nev-
ertheless long-term randomized controlled studies remain
necessary to conﬁrm the reliability of the procedure in the
different indications, and the type of bone graft, if really
needed.Disclosure of interest
The authors declare that they have no conﬂicts of interest
concerning this article.
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